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Several strands of literature stress the importance of knowledge. New
growth theories study the relevance of knowledge at macro level.
The resource based theory of the firm indicates the (especially
implicit) knowledge of employees as a major source for sustained
competitive advantages for individual firms. How individual employ-
ees obtain and use knowledge is the subject of literature on human
resource management.
Firms can enlarge the knowledge level of individual employees by
means of firm-provided training. The eventual effect of training on
firm production depends on many different factors. One important
factor has been neglected up to date: the size of the firm. It is well
established that small and large firms differ in their use of firm-pro-
vided training. However, little is known about the connection
between firm size and the impact of firm-provided training.
Therefore, EIM has conducted a study into the relevance of firm size
for the impact of firm-provided training on firm production. First, a
short literature review on training and productivity was conducted.
Next, a theory was developed as to the relevance of firm size. This
resulted in five distinct firm-size effects. Three of these effects have
been investigated empirically, using panel data on 173 Dutch firms.
Training and productivity
Firm-provided training enhances the available knowledge level with-
in a firm, and therefore its production level. This is not an instanta-
neous process. First of all, individual employees must learn some-
thing: they have to gain new knowledge. Next, this knowledge
should be applied to the job by the individual employee. This in turn
will determine the organisational effects of a training course.
Which factors can be expected to influence this process? It is possi-
ble to distinguish three categories:
• Enabling elements: factors that relate to the ability of employees
to gain knowledge from specific training courses. This involves
not only the general cognitive ability of the employees, but also
the design of these courses.
• Environmental elements: does the environment in which employ-
ees perform their tasks stimulate the application of the newly
gained knowledge?
• Motivational elements: factors that motivate employees to learn.
5
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geneous concept. For the purpose of this study, two different classi-
fications of knowledge are relevant. First, a distinction can be made
between tacit and explicit knowledge. Whereas explicit knowledge is
relatively easy to acquire and to distribute, tacit knowledge is more
difficult to copy. Next, it is possible to distinguish between the indi-
vidual knowledge level and the level of firm knowledge. Firm-pro-
vided training can be interpreted as a means to enhance the explicit
knowledge of individual employees.
Each firm makes decisions on the usage of the different production
factors. This also holds for knowledge. Decisions on the acquisition
and use of knowledge are part of the firm’s strategy on its human
resources (HR strategy). This strategy depends partially on the size
of the firm. Thus, the role of knowledge in the ‘strategic decision
chain’ of a firm can be depicted as in figure 1:
Figure 1 The strategic decision chain
size HR strategy knowledge productivity
Firm size and training
When studying the relevance of firm size, a distinction should be
made between knowledge as input and knowledge as output. On the
one hand the knowledge level can be seen as a separate production
factor within a firm. On the other hand, the level of knowledge is
itself the outcome of a knowledge production process, with firm-pro-
vided training as the main production factor.
Knowledge as a production factor: two firm-size effects
Two firm-size effects are discussed that concern the role of knowl-
edge as a production factor. The tacit-knowledge effect states that
large firms will on average attach more importance to explicit knowl-
edge, whereas tacit knowledge will play a relatively more important
part within smaller firms. According to the specialisation effect, the
fact that large firms are on average more formalised than small firms
can result in different training policies. These effects will not be
investigated empirically.
The knowledge production process: three firm-size effects
Regarding the knowledge production process, three firm-size effects
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fewer resources and less knowledge of HRM in general, and firm-pro-
vided training in particular. Smaller firms thus have less insight in,
and less control over, the enabling, environmental and motivational
elements.
The second effect focuses on the training design (an enabling ele-
ment): large firms have more opportunities to adjust training pro-
grams to their specific needs, and this might have a positive effect on
the impact of a training programme.
Finally, the training-intensity effect asks whether the impact of an
additional training day on firm production decreases if more training
has already been followed. Eventually, decreasing returns are
inevitable, but as long as relatively few courses are taken, it is unlike-
ly that this effect will occur.
Estimation of a production function
The empirical part of this study focuses on the knowledge produc-
tion process: we want to estimate the impact of firm-provided train-
ing on firm production, taking into account the HRM effect, training-
design effect and training-intensity effect.
In order to do so, a separate knowledge production function is pro-
posed. This production function relates the amount of training days
directly to the (unmeasured) stock of firm capital. The impact of
training on the knowledge stock is modelled as a function of several
variables used as indicators for the three firm-size effects mentioned:
the training support per employee, training days per employee, the
proportion of training held externally and the proportion of training
held during working hours (the latter two variables are indicators for
the training-design effect).
Besides this knowledge production function, a firm production func-
tion is used where capital, labour and the stock of knowledge serve
as production factors for gross output and value added. The knowl-
edge production function is substituted in the firm production func-
tion, because the stock of knowledge cannot be measured. This
results in an ‘overall’ production function, which describes produc-
tion as a function of all the relevant variables.
This production function is estimated using panel data from Statistics
Netherlands on 173 Dutch firms, with data for 1990 and 1993.
7
Summary
B5 training  05-11-1999  12:13  Pagina 7Results and conclusions
Our estimations suggest that a HRM effect is present. There is no
indication of a training-design effect or a training-intensity effect.
We conclude that additional training increases the available stock of
knowledge, and that training support determines the extent of the
impact of extra training. Since on average large firms provide more
training support per employee, this means that large firms benefit
more from additional training than small firms. The estimation
results suggest that the effects of a 10% increase of training days on
gross production range from an increase of 0.36% for small firms to
1.6% for large firms. The effects on value added range from 1.6% to
7%. These numbers are considerably lower than production effects
found in previous research, where productivity increases ranging
from 16 to 20% were reported.
A limitation of the current study is that it is not possible to make
plausible estimates of the impact of an increase in training support;
this impact is inherently related to the firm size, because of the way
in which the knowledge production function is modelled. The esti-
mated effects probably exaggerate the HRM effect for large firms.
8
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Several strands of literature stress the importance of knowledge1.
New growth theories study the relevance of knowledge at macro
level2. The resource based theory of the firm points to the (especial-
ly implicit) knowledge of employees as a major source for sustained
competitive advantages for individual firms3. How individual
employees obtain and use knowledge is the subject of literature on
human resource management.
Firm-provided training is an important ‘tool’ for firms to increase the
knowledge of individual employees. The influence of firm-provided
training on both individual and firm performance has been the sub-
ject of several studies. This influence depends on many different fac-
tors, as illustrated by Holton’s (1996) conceptual training-evaluation
diagram.
One important factor has been neglected: firm size. It is well estab-
lished that small and large firms differ in their use of firm-provided
training, as is illustrated for the Netherlands in table 1. However, not
much is known about the connection between firm size and the
impact of firm-provided training. This paper describes the results of
an empirical investigation into the relevance of firm size on the
impact of firm-provided training. This is done by estimating a pro-
duction function including the level of knowledge (as obtained form
firm-provided training) as a specific production factor, using panel
data on 173 Dutch firms.
Table 1 Internal and external courses in the Netherlands, by firm size
courses per employee training costs* as % of labour costs
firm size 1986 1993 1986 1993
5-<100 employees 0.10 0.18 0.5% 0.7%
100-<500 employees 0.25 0.40 1.2% 1.3%
³500 employees 0.46 0.52 2.9% 3.0%
total 0.25 0.35 1.5% 1.7%
* Training costs include lost labour costs.
Source: Statistics Netherlands 1988 (tables 2, 6, 9) and 1995 (tables 10, 11, 38).
9
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1 Knowledge can be defined in different ways, each representing different views on how it is
produced and applied. For the purpose of this paper we define knowledge as ‘a personal
capacity that should be seen as the product of the information, the experience, the skills and
the attitude which someone has at a certain point in time’ (taken from uit Beijerse, 1998).
2 See Romer (1987), Lucas (1988), Mankiew, Romer and Weil (1992) and Romer (1996).
3 See Koch and McGrath (1996).
B5 training  05-11-1999  12:13  Pagina 9The structure of this paper is as follows. The next chapter deals with
recent literature on the role of firm-provided training. The relation
with firm size will be elaborated in chapter 3. Then some findings of
previous empirical research on this topic will be discussed. The avail-
able data will be presented in the fifth chapter, followed by the spec-
ification of the production function that will be estimated. The results
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Firm-provided training enhances the available knowledge level with-
in a firm, and thus the production1. In this chapter we use a con-
ceptual training-evaluation diagram developed by Holton (1996) to
determine which factors can be expected to influence this process.
After discussing this diagram the heterogeneous character of knowl-
edge will be elaborated. But first, attention is paid to the decision
making process within a firm.
2.1 Knowledge and strategy formulation
Each firm makes decisions on the usage of the different production
factors. This also holds for knowledge: it is decided what amount of
knowledge is necessary for the production process, and how this
knowledge will be obtained. Within the neo-classical literature it is
customary to assume that these decisions are made in order to max-
imise profits. However, each firm can choose a different strategy to
obtain maximum profits.
In this study, only the human resource (HR) strategy will be dis-
cussed: the strategy of a firm regarding the acquisition and use of
knowledge. This is considered part of the personnel or human
resource management2. This strategy depends partially on the size of
the firm. Thus, the role of knowledge in the ‘strategic decision chain’
of a firm can be depicted as in figure 2:
Figure 2 The strategic decision chain
size HR strategy knowledge productivity
The role of firm size will be elaborated in chapter 3. In the remain-
der of this chapter the focus is on training as part of the human
resource strategy and knowledge creation.
2.2 A conceptual evaluation diagram of
training
A major purpose of firm-provided training is to enhance the level of
knowledge of individual employees. Whether a specific training will
indeed result in such an increase depends on various factors. The 
11
Training, productivity and firm size
1 Firm-provided training can also affect the motivation of employees, and thus the productiv-
ity of the firm. This aspect of firm-provided training will not be investigated in this paper.
2 This paper shares the view of Fowler (1987) who ‘identifies the real difference between HRM
and personnel management as ‘not what it is, but who is saying it’ (Fowler, as quoted by
Legge, 1995, p. 75).
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several variables.
Holton (1996) formulated a model for training evaluation which
assumes that the primary outcome of a training course is learning,
which he defines as ‘achievement of the learning outcomes desired’.
If an employee has learned, this additional knowledge can result in
improved individual performance: the result of learning being
applied to the job. Finally, individual performance stimulates organ-
isational results. In this paper we concentrate on the first two out-
comes, learning and individual performance. Individual performance
can be measured in several ways, but we limit ourselves to individ-
ual productivity. Likewise, organisational results are narrowed down
to firm productivity only.
The variables that influence (the relations between) learning, indi-
vidual and firm productivity are categorised in three types: ability (or
enabling elements), motivation and environment. These influences
are part of the human-resource-management domain of a firm.
Figure 3 shows the main elements of Holton’s conceptual evaluation
diagram. The factors ability, motivation and environment mentioned
will now be briefly discussed1.
Figure 3 Conceptual evaluation diagram
Source: Based on Holton (1996).
12
Training and productivity
1 This discussion is based on Holton (1996).
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Ability
An individual’s general cognitive ability (often measured as IQ) has
a significant impact on the amount of knowledge that the individual
gains from a certain training. It is, however, not certain whether the
relative increase of a person’s knowledge directly depends on his or
her cognitive abilities.
Motivation to learn
The motivation to learn also has a major impact on the learning out-
comes. The motivation to learn depends on several factors, for exam-
ple personality characteristics and social skills.
Motivation interacts with general cognitive ability1. Employees with
higher abilities are in general more motivated to take firm-provided
training. This interaction makes it plausible that higher abilities
result on average in a higher relative knowledge increase.
Finally, the motivation to learn might depend on the support from
the company itself and the communication of the training goals: it
makes a difference whether training is viewed as a bonus for good
performance, or as an important means to enhance the qualities of
individual employees.
Training design2
The design of a training covers when it is held, what the contents are,
who is giving the training, etc. The relevance of the training design
is demonstrated by Lynch and Black (1995), who find that the
impact of a training depends both on the contents and whether it is
held on-the-job or off-the-job: ‘formal training outside working hours
has a positive effect on productivity in manufacturing, while com-
puter training raises the productivity of non-manufacturing estab-
lishments’. Gelderblom and de Koning (1996) also conclude that the
content of the training matters. Their research suggests a difference
between the training elasticity of training aimed at technical skills
and that applying to social skills.
Another aspect of the training design is mentioned by Francis (1995),
who concludes that the training technique (how the training is given)




1 Holton (1996), p. 12.
2 In Holton’s original model, this element is named transfer design. Transfer design influences
only individual performance and not the learning outcomes.
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Learning is expected to lead to individual productivity change, but
only if three influences on transfer behaviour are at appropriate lev-
els: training design (ability), motivation to transfer and transfer cli-
mate (environment).
Training design
The training design includes the way in which the subject of the
training is taught. In addition to influencing the learning outcomes,
this is also relevant for the individual productivity. For example, if
participants have not had the opportunity to train in a job context, or
if they are not taught the way in which to apply their new knowledge
on the job, then it is possible that the newly obtained knowledge will
not result in production increase.
Motivation to transfer
Once new knowledge has been obtained, employees must be moti-
vated to actually use this knowledge. Holton mentions several items
influencing the motivation to transfer: ‘people with high commit-
ment and job satisfaction would be more likely to exert effort to
transfer’ (Holton, p. 13).
Transfer climate
The transition from learning outcomes to increased productivity
might also be improved by the support given by the (Personnel
Department of the) firm. This support can be characterised by the
amount of feedback, supervisor support for training, rewards for
applying training, the availability of goal and task cues, etc.
2.3 The heterogeneous character of knowl-
edge
Learning is all about accumulating knowledge, which is a very het-
erogeneous concept. Various classifications of knowledge have been
developed, each stressing different ‘dimensions’ of the knowledge
concept. Some of these classifications will now briefly be described,
after which these classifications are applied to firm-provided training.
Tacit or explicit knowledge
A common classification of knowledge is the division between tacit
and explicit knowledge. Explicit knowledge can be documented rel-
atively easily, by means of words, numbers, designs, etc. Explicit
knowledge resembles information, in that it can be easily transferred
from one individual to another.
14
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that individuals posses, without them being fully aware of it or able
to share it with others. For example, employees will often not be fully
conscious of the many routine actions that they perform. According
to the resource based theory it is specifically the tacit character of this
knowledge that makes it hard for other firms to copy it, making it a
source for sustained competitive advantage1.
Individual knowledge or firm knowledge2
At least two levels of knowledge can be discerned within a firm:
knowledge possessed by the individual employees and knowledge at
firm level. Several authors have stressed that the available knowledge
at firm level, firm knowledge, cannot be seen simply as an aggrega-
tion of the individual levels of knowledge3.
According to Nonaka and Takeuchi (1995), the distinction between
tacit and explicit knowledge at individual level results in four differ-
ent types of firm knowledge. Their process model of knowledge cre-
ation builds on the presupposition that human knowledge is created
and enlarged by means of social interaction between tacit and explic-
it knowledge. This interaction is called ‘knowledge conversion’. This
conversion does not take place within individuals but between indi-
viduals (within an organisation).
The interaction between tacit and explicit knowledge can go in four
different directions:
Table 2 Four kinds of interaction between tacit and explicit knowledge
into tacit knowledge into explicit knowledge
from tacit knowledge 1. socialise 2. externalise
from explicit knowledge 4. internalise 3. combine
Source: Nonaka and Takeuchi, 1995.
The four kinds of interaction between tacit and explicit knowledge,
i.e. the four ways of creating knowledge, together form a kind of spi-
ral which goes from socialisation to externalisation to combination to
internalisation to socialisation and so on.
15
Training and productivity
1 Koch and McGrath (1996).
2 This section is based on uit Beijerse (1998).
3 See Nonaka and Takeuchi (1995), Gelderblom and de Koning (1996) and den Butter and
Wollmer (1992).
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Another classification of knowledge is used by the OECD (1996).
Based on the nature of the specific knowledge, the following classi-
fication is used:
• Know-what: knowledge of facts, for example the level of the Dow
Jones Index
• Know-why: scientific knowledge on the laws of nature that con-
trol our world; this type of knowledge is especially important for
R&D-research
• Know-how: the skills to perform certain tasks
• Know-who: knowing which persons have which knowledge.
Knowledge classification and firm-provided training
Using these different classifications, firm-provided training can be
interpreted as a means to enhance the explicit knowledge of individ-
ual employees. Training can be aimed at acquiring know-what,
know-why, know-how and know-who. The individual knowledge
that is thus obtained can diffuse throughout the firm through differ-
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3.1 A production function framework
The theories discussed in the previous chapter do not mention the
possible relevance of firm size. They do, however, offer several start-
ing-points to develop a theoretical framework on this subject.
At the heart of this framework is the role of firm-provided training in
the firm’s production process. Initially, it is assumed that production
(at firm level) mainly depends on the amount of firm knowledge
(instead of individual knowledge). On the other hand, training is
aimed at increasing individual knowledge. The relation between indi-
vidual and firm knowledge has been discussed in section 2.3.
This framework will be analysed in two steps; in the first firm knowl-
edge will be examined, and the following section will focus on firm
knowledge firm as the product of a knowledge production function,
with firm-provided training as the main production factor.
The production function itself will be introduced in chapter 6, after
the available data has been presented in chapter 5. This chapter deals
with the general properties of the production framework.
3.2 Knowledge as a production factor
The role of knowledge in the production function
Firm production can be represented as a production function. In its
most fundamental form, capital and labour are the two production
factors. How does the level of knowledge enter this relation? As a
separate production factor next to capital and labour? Or is knowl-
edge considered to be part of the production factor labour1 (deter-
mining the quality of the labour provided)?
Some authors, like Lynch and Black (1995) and Mankiew, Romer and
Weil (1992) choose the first option. In their empirical analyses they
use a non-nested production function with knowledge as a separate
factor. Others, like Barret and O’Connell (1998) and Den Butter and
Wollmer (1992) use a nested production function, where knowledge
is treated as a specific component of the amount of available labour.
17
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1 Since knowledge is defined here as a personal capacity, it is not considered as participating
in capital.
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tion factor, in addition to labour and capital. This choice is made not
only to simplify the analysis, but also to stress the important role of
knowledge within the production function framework.
Tacit-knowledge effect
Firm size directly influences the production process. Two important
effects of the firm size are that larger firms use on average more cap-
ital-intensive production processes and have more specialised posi-
tions (Nooteboom, 1993). Both effects result in more formalised
organisations.
The combination of a more formalised organisation and the presence
of relatively more specialised positions can partially determine the
relative importance of different types of knowledge (conversion) for
large firms. Specifically, it is hypothesised that explicit knowledge is
relatively more important within larger firms. Within smaller firms it
is relatively more easy for knowledge to be diffused by socialisation,
whereas within larger firms knowledge has to be made explicit
before it can be shared among all employees.
These differences in the use of knowledge are labelled the tacit-
knowledge effect. As illustrated in figure 4, this effect concerns the
influence of the production process (itself related to the firm size) on
the relevant knowledge conversions.
Figure 4 The tacit-knowledge effect
size HR strategy knowledge productivity
Explicit knowledge only
The object of this study is to investigate firm-size effects on the
impact of firm-provided training. Since firm training is mainly about
explicit knowledge, only explicit knowledge will be included in the
production function1. As a result of this simplification, it is beyond
the scope of this study to empirically investigate the tacit-knowledge
effect.
Specialisation effect
Larger firms have, on average, more formal organisations. This has a
direct influence on the human resource strategy2. For example, large
18
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1 Another reason to exclude implicit knowledge from the empirical investigation is lack of data.
2 Paawe (1996) discusses the link between production process and personnel policy in more
detail.
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Large firms also have, on average, higher qualified personnel.
If the higher ability of employees results in a higher knowledge elas-
ticity of training (as discussed in section 2.2), then the knowledge
elasticity will (ceteris paribus) have a positive correlation with firm
size. This relation between firm size, production process and HR
strategy is called the specialisation effect, and is depicted in figure 5.
Figure 5 The specialisation effect
size HR strategy knowledge productivity
As figure 5 shows, this effect manifests itself through the relation
between firm size and production process. In this study we assume
the production process to be independent of firm size, and that the
production elasticity of capital and labour are also independent of
firm size. Therefore, the specialisation effect will not be investigated
explicitly.
3.3 A knowledge production function
Explicit firm knowledge not only serves as an input within the pro-
duction process of a firm; it can also be viewed as the result of a pro-
duction process with firm-provided training as a specific input factor.
For such a knowledge production function, the knowledge elasticity
of training could capture the possible impact of firm size.
Without explicitly modelling such a knowledge production function,
various arguments will now be made for the fact that the knowledge
elasticity of training is partially determined by firm size. This implies
that, on average, the impact of an extra hour of firm training varies
for small and large firms.
Human-resource-management effect
Firm size can directly influence personnel management. Smaller
firms have fewer possibilities to gather knowledge on firm training,
since fewer resources are available for investment (of time and
money) in this topic. The available knowledge about HRM is
assumed to influence the actual personnel management. This is the
HRM effect (illustrated in figure 6).
19
Firm size and training
B5 training  05-11-1999  12:13  Pagina 19Figure 6 The HRM effect and training-design effect
size HR strategy knowledge productivity
The relative lack of manpower and HRM knowledge can have sever-
al consequences. First of all, smaller firms have on average less infor-
mation about available training courses. Since various training cours-
es have different productivity effects, it is assumed that less infor-
mation about training courses results (ceteris paribus) in a reduced
knowledge elasticity of training. Or, in terms of the conceptual eval-
uation diagram, a lack of HRM knowledge has a negative impact on
the training design.
Secondly, lack of manpower and knowledge can result in smaller
firms being able to support employees who follow a course less effec-
tively. According to Holton’s training-evaluation diagram this relative
lack of support can have negative consequences for the motivation
to learn, motivation to transform and the transfer climate. Thus, the
support employees receive is hypothesised to be positively correlat-
ed with the knowledge elasticity of training (causing a negative firm-
size effect).
Training-design effect
Part of the HRM effect occurs through the training design: less
knowledge of HRM can result in a sub-optimal choice of training
courses, given the demand for additional knowledge and the capa-
bilities of the employees. The training design also plays a role in the
tacit-knowledge and specialisation effects. Both effects deal with
needs for knowledge which differ between small and large firms.
These distinctions can lead to varying preferences regarding the
nature of the training courses.
But there is a more direct way in which firm size can influence the
training design. Larger firms can benefit from economies of scale: if
more employees need to take certain courses, it is possible to devel-
op courses that are adjusted to the specific needs of the firm. This
can include the topic of the course, the presentation, but also time
and location. These differences in training design might also influ-
ence the knowledge elasticity of a firm.
This direct relation between firm size and training design is labelled
the training-design effect (see figure 6). The relevance of this effect
is demonstrated by the fact that, in The Netherlands at least, the ratio
between internal and external courses increases with firm size1.
1 Statistics Netherlands (1995).
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At individual level, it can be argued that firm training exhibits
decreasing returns to scale. The knowledge elasticity thus depends
on the amount of training an individual has already received. For
firms with more than 1 employee it is more complicated, since not
only the training must be decided upon, but also the employee who
is to receive this additional training.
In itself, this is not a firm-size effect. But if, on average, employees
from smaller firms receive less firm-provided training than employ-
ees from larger firms do1, this could (ceteris paribus) result in a high-
er average return (and a higher knowledge elasticity of training) for
smaller firms. Therefore, this effect will be elaborated.
Decreasing returns at employee level?
Firms posses a certain amount of information about available train-
ing courses. Some training will be more relevant than other: for a
junior researcher an introductory course in regression techniques can
be very relevant, whilst a welding course probably will have no
impact on the individual’s productivity (as a researcher).
The information on available training courses can be used to classi-
fy the various types of training according to their expected influence
on firm profits. If all courses are equally expensive2, the top of the
range represents the training that leads to the highest expected
increase in production. If the firm maximises profits, this will be the
first training the employee will take. Each time an employee is
trained, the increase in production decreases. Assume then that a
strictly positive relation exists between production increase and
knowledge increase. The conclusion is then that the knowledge elas-
ticity exhibits decreasing returns.
This conclusion is based on several assumptions that do not hold in
reality. First of all, not all training is equally expensive. Without this
assumption, profit maximisation can result in a preference for train-
ing that is expected to yield a lower knowledge accumulation, but is
also relatively cheap. The top of the range of training courses that are
considered are not necessarily the most productive, so decreasing
returns need not apply.
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1 For the Netherlands, this is clearly the case (Statistics Netherlands (1995)).
2 Training costs consist of fees and loss of production (if the training takes place during work-
ing hours).
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range of available courses an employee can choose from is indepen-
dent of the courses already taken. This assumption doesn’t hold
either. Many courses have follow-up courses that can be taken only
after the first course has been successfully completed. These follow-
up courses might lead to a higher knowledge (and productivity)
increase than the original courses, thus leading to increasing returns.
Decreasing returns at firm level?
A firm with more than one employee can choose from a range of
combinations of courses and the employees who follow such cours-
es, according to their expected influence on firm profits. Under the
same assumptions as the 1-employee case, this results in knowledge
elasticity declining with the amount of training.
The arguments against decreasing returns to scale for the 1-employ-
ee case also hold here. But now an extra argument against decreas-
ing returns can be made. This is the consequence of differences in
the time that employees are expected to remain with the firm.
Suppose that a firm has employees with both temporary and perma-
nent contracts. Employees with temporary contracts are expected to
leave the firm sooner than their colleagues with permanent con-
tracts. If a firm maximises profits over a certain period, it can be opti-
mal to favour the permanent contract-holders rather than the tem-
porary employees, even if the expected knowledge increase is greater
for the latter group1.
Given these arguments, it is not clear if (and how) knowledge elas-
ticity depends on the amount of training per employee.
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When conducting an empirical study on the impact of training, sev-
eral choices should be made. How do you measure training? Do you
investigate the impact of training on individual performance or
organisational results? And how do you model the role of training? In
this chapter the choices of several researchers on these topics will be
discussed. The chapter ends with results from previous studies.
4.1 How to measure training?
Training can be measured in financial terms or in training days. This
choice depends on the purpose of the investigation1. If one is inter-
ested in the return-on-training in financial terms, then training
should be measured in financial terms (Boon and van der Eijken,
1997). Another option is to view training as part of the production
process of a firm. The main interest is then how much will produc-
tion increase if the available amount of training increases? Just as the
amount of labour is measured by the number of employees, the
amount of training should then be measured by the amount of train-
ing days (Groot, 1994). If these data are not available, the incidence
of training can be used (Gelderblom and de Koning, 1996; Lynch and
Black, 1995).
4.2 Individual or organisational level?
The training-evaluation diagram (figure 3) suggests a connection
between three different primary outcomes of a training course: learn-
ing outcomes, individual performance and organisational results.
This idea has not yet been applied in empirical research: attention
has been focused on estimating the impact of training on either indi-
vidual performance (Frijters, 1997; Gelderblom and de Koning, 1996;
Groot, 1994) or organisational results (Boon and van der Eijken,
1997; Lynch and Black, 1995). This is partly due to lack of sufficient
data.
When estimating the impact on individual performance, individual
performance must be measured. Groot (1994) and Frijters (1997)
focus on individual productivity. Gelderblom and de Koning (1996),
on the other hand, use several performance measurements, both for
social abilities (managing others, negotiating, association with col-
leagues) and work-pressure related work aspects (working under
time pressure, simultaneously working on more tasks). In most cases
23
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advantage of such subjective measurements is that they make a com-
parison between firms (and within a firm over time) impossible
(Lynch and Black, 1995, page 20).
Two obvious choices to measure organisational results are value
added and output. These are mostly used in the framework of a
Cobb-Douglas production function.
4.3 The role of training
Another issue is the role of training in the production process.
Training is a flow variable, raising the available stock of knowledge.
The effects of training last for more than one year, and depreciation
of the acquired skills is to be expected. One can either estimate the
impact of training on the change in performance (Gelderblom and de
Koning, 1996; Groot, 1994), or estimate the impact of the knowledge
stock on the level of performance. Knowledge itself is difficult to
measure; instead, information on training (which results in changes
in the stock of knowledge) can be used.
Boon and van der Eijken (1997) have used the latter approach. This
stock approach is based on the ‘perpetual inventory method’2. This
method has recently been used to calculate the stock of R&D capital
based on R&D expenditures in recent years and assumptions as to
depreciation and a pre-sample growth level of expenditures
(Mairesse and Sassenou, 1991; Hall and Mairesse, 1995). Boon and
van der Eijken have applied this method to calculate the stock of
human capital (based on training expenditure). They were able to
use this method because of the availability of panel data on a num-
ber of Dutch manufacturing firms for two years (1990 and 1993).
Boon and van der Eijken also estimated the training elasticity solely
based on the training expenditures in a certain year3. They find that
the elasticity thus estimated is in the same order of magnitude as the
elasticity estimated using the calculated stock of human capital.
Lynch and Black (1995) also had training data for two years at their
disposal (also 1990 and 1993), but they conclude that this was not
enough: ‘Unfortunately, we are only able to get measures of the num-
ber of workers involved in training at two points in time. This means
that we do not have a measure of the accumulated stock of training
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1 The study by Frijters is an exception: he has collected objective measurements concerning
the production of individual employees in a textile company.
2 This method is commonly used for physical capital.
3 Thus assuming that expenditure for one year is a reasonable indicator for the total stock of
human capital that year.
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two particular years.’ (page 25).
4.4 Main conclusions
Individual performance
Gelderblom and de Koning (1996) find a significant increase in the
growth rate of individual social abilities ensuing from courses in
social abilities. Groot (1994) finds that on average the productivity of
individual employees increases with 16%. The differences between
employees are however large: for 46% of the employees no increase
in productivity is reported, while a production increase of over 20%
is attributed to 25% of the employees1.
Organisational results
Lynch and Black (1995) find no apparent impact of training on firm
productivity, if they use the number of workers trained as the only
indicator for training programs. However, if they include other
dimensions of the training programs2 they do find significant positive
effects. In particular, computer skills development has a significant
positive effect on firm productivity. Also, for manufacturing the pro-
portion of time spent in formal off-the-job training has a significant
positive effect on firm productivity. Their study shows that the train-
ing design does indeed matter. Boon and van der Eijken (1997) find
a positive training elasticity for both output and value added. Only
for value added are the reported elasticities significant3.
In a recent survey on enterprise-related training Groot (1996) sum-
marises 26 studies on the return-on-training. Most of these studies are,
however, concerned with wage effects; only five studies on productiv-
ity effects are mentioned. The majority of these studies also appear in
a list provided by Lynch (1997) with 7 studies on the effects of train-
ing on productivity or performance. All of these studies4 find positive
effects, with productivity increases ranging from 16 to 20% and per-
formance measurement increases ranging from 10 to 20%5.
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1 Given this variation between individuals, large firms have a clear advantage over small firms:
the more employees are available for training, the lower the expected variance at firm level
will be. However, this effect is beyond the scope of this study.
2 The proportion of time spent on formal off-the-job training, the content of training pro-
grammes, a distinction between manufacturing and non-manufacturing companies.
3 A significance level of 5% is used. The estimation technique used also matters. Boon and van
der Eijken use both a fixed-effects estimator and a random-effects estimator to correct for
firm effects. Only the random-effects estimator results in significant estimates for the train-
ing elasticity.
4 These studies include the research by Groot (1994) and Lynch and Black (1995), but not those
by Boon and van der Eijken (1997) and Gelderblom and de Koning (1996).
5 Neither significance levels nor the level of analysis (individual or organisational) are men-
tioned.
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To analyse the impact of firm-provided training on firm productivity,
specific micro data is needed. For the years 1990 and 1993, such data
has been collected by Statistics Netherlands. These data have first
been discussed by Boon and van der Eijken (1997). The following
description of this data set is taken from Boon and van der Eijken,
with a few additions concerning data on influencing factors.
5.1 Three different surveys
The data involves information on individual firms in the Dutch man-
ufacturing sector. The data are created at Statistics Netherlands by
linking micro data of the training survey, the production survey and
the wage and employment survey.
The training survey
The training survey asks firms in the private sector with five or more
employees to provide information on formal training which is
financed wholly or partly by firms. The sample used for this study is
a sub-sample, originating from firms which were active in training.
These firms received a comprehensive questionnaire about training
expenditure, training participation, number of hours worked by train-
ing staff, number of training days (both during working time and out-
side working hours) and whether the training was internal1 or exter-
nal.
The wage and employment survey
Information is available from the wage and employment survey on
the number of hours worked, wages and seniority for firms that have
employees. This survey is based on a two-stage sample design. First
Statistics Netherlands takes a stratified sample of firms and then each
sampled firm takes a simple random sample of its employees.
Double-counting of training hours is avoided by adjusting the total
hours worked for the amounts used in training. This implies that
labour input is defined exclusive of the hours worked by (in-firm)
trainers and of lost working time by trainees.
The production survey
In the annual production survey firms in the manufacturing sector
are asked for detailed information on inputs and outputs. This infor-
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1 Internal training is defined as off-the-job training that takes place at a pre-specified time
and place, and is open only to employees of one specific firm.
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prices), wage bill, number of employees, costs of materials, electric-
ity consumption and capital consumption allowances (depreciation
costs). Since 1987 all firms with 20 or more employees have been
surveyed.
The nominal variables in the data set are all deflated to 1990 guilders.
Output and materials are deflated by applying 3-digit SIC1 product
and material price index numbers to all firms within the corre-
sponding industry.
Two different methods of measuring capital input are available. First,
depreciation costs can be used as a proxy for capital input. Variations
in the utilisation of the capital stock can result in differences between
the depreciation data and the desired measurement of the flow of
capital services. A second measurement for capital input is the con-
sumption of electricity. Changes in electricity consumption over time
should correct for fluctuations in the capital usage over time better
than changes in depreciation costs.
5.2 Linking the surveys
The individual firms belonging to the cross-sectional data sets for
1990 and 1993 (428 and 643 firms, respectively) are linked to each
other. This link results in a balanced panel consisting of 173 firms.
The firms belonging to the panel contributed to 30% of total manu-
facturing training expenditure and covered 17% of total manufactur-
ing employment in 1993. The two years under review differ to some
extent. Employment, gross output and value added decreased in the
period 1990-1993. This is not specific for the balanced panel: the
complete production survey (covering over 6.000 firms) showed the
same development.
The firms in the balanced panel have, on average, a larger workforce
than most Dutch manufacturing firms, having at least 20 employees.
In 1993 the average firm in the panel had about 700 employees.
Small firms are underrepresented: only 4% of the firms in the panel
had on average less than 100 employees, whereas in the Dutch man-
ufacturing and construction sector this size class accounts for more
than 80% of all firms with at least 20 employees2. The larger average
firm size in the panel reflects the fact that the probability of employ-
er-provided training increases with firm size. The chemical industry
is also over-represented in the balanced panel.
28
Data
1 SIC denotes Standard Industrial Classification of Statistics Netherlands. The 3-digit level allo-
cates industrial firms to 122 groups.
2 ENSR (1997).
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with the production survey. Both data sets show a decrease in the
average gross output, value added and number of employees over
the period 1990-1993. Labour productivity shows, on average, a
slight increase.
Table 3 Summary statisticsa for the balanced panel of linked data
(Panel) and the production survey for total manufacturing (PS),
1990-1993
Panel PS
year 1990 1993 1990 1993
gross outputb 298 252 46 41
value addedb 96 91 13 11
number of employees (L1) 859 714 127 108
number of hours workedc 1,522 1,186
labour productivityd 106 108 101 102
number of firms 173 173 6,154 6,681
a Means.
b In million 1990 guilders.
c In thousand hours.
d Value added per employee in thousand 1990 guilders.
Source: Boon and van der Eijken (1997).
5.3 Measurement of firm-size and training
effects
In chapter three five effects were identified which could account for
firm-size effects regarding the knowledge elasticity of firm training.
This study will investigate the relevance of three of these effects: the
HRM effect, the training-design effect and the training-intensity
effect. What possibilities does the data set offer to measure these
effects?
Human-resource-management effect
The dataset provides us with enough information to measure the
training support. Training support is defined as the time a firm
spends on managing employer-sponsored training. This ‘manage-
ment’ can be carried out by both a specific department concerned
with training programs and specific employees engaged in these
training programs.
Training support is used to construct an indicator for the specific
knowledge a firm has on HRM in general, and training in specific. In
chapter 2 it was argued that more knowledge of such matters can be
29
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that determine the impact of training on the learning outcomes of
individual employees and/or the effect of training programmes on
firm productivity.
Various options are available for the specification of this indicator.
These specifications depend on how training support is intended to
stimulate both the motivation to learn and the transfer climate. The
following specifications will be used in this study1, where TS repre-
sents training support, TD the amount of training days and L the size
of the work force:
1. TS: the total support time in a given year determines the motiva-
tion to learn and the transfer climate within a company
2. log(TS+1): the same as (1), but now with decreasing returns: the
more time already spent on support, the less effective an addi-
tional supporting hour will be
3. indicator (TS>X): according to this specification, an absolute
threshold exists: support will only have effect if at least x days of
support are given
4. TS/L1: not the total support matters, but the average support per
employee
5. log(TS/L1+1): the same as (4), but now with decreasing returns
6. TS/TD: not the total support matters, but the average support per
training day
7. log(TS/TD+1): the same as (6), but now with decreasing returns.
Training-design effect
Two variables are available to test for the presence of a training-
design effect. The first indicator is the proportion of training days
held externally2. The second indicator measures the proportion of
training days held during work time.
Training intensity
The average number of training days per employee is used to test for
the possibility of decreasing returns. Another option would be to use
the total number of training days, but this would introduce identifi-
cation problems: the total number of training days will be used as
production factor in the knowledge production function.
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them.
2 An external training is training not limited to employees of one firm.
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table 4. Interestingly, the training support per employee exhibits larg-
er differences between the three size classes than the proportion of
working time devoted to training.
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Table 4 Summary statistics for the balanced panel on the HRM effect and training intensity, 1990-
1993
1990 1993
size class <150 150-500 >500 <150 150-500 >500
number of employees (L1) 127 283 3,095 112 262 2,501
% of external training days (EX) 73% 69% 52% 65% 54% 46%
% of training days held during working time (WT) 31% 35% 56% 51% 43% 62%
days of training support per employee (TS/L1) 0.16 0.37 0.96 0.16 0.34 0.72
proportion of training days per adjusted working day* (TD/L2) 1.1% 1.2% 1.9% 1.2% 1.5% 1.8%
number of firms 46 89 38 45 89 38
* Working days adjusted for training.
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In chapter three the general properties of the production function
framework were discussed. The actual production function is derived
in this chapter. The stock of explicit firm knowledge is a separate pro-
duction factor within the firm’s production function. This knowledge
stock is produced with training days as the main production factor.
Several variables are included in the knowledge production function
that can cause the knowledge elasticity of training to differ between
large and small firms. Because knowledge cannot be observed direct-
ly, it is not possible to estimate the production functions separately.
Instead, the knowledge production function is substituted in the
firm’s production function.
In the first two sections the firm production function and knowledge
production function are discussed. The resulting specification for the
‘overall’ production function is presented in the third section. Finally,
some remarks are made about the estimation technique.
6.1 The firm production function
The (log-linear specification of the) Cobb-Douglas production func-
tion is still the standard approach for empirical research on produc-
tivity at firm level1. This approach is also used in this study, to
explain the gross output of individual firms:
(1),
where qit is the (log of) output of firm i in year t, a0 is a constant, hit
is the (log of) knowledge stock, ci,t is the (log of) physical capital, li,t
is the (log of) labour, mi,t is the (log of) materials, dt is a year dummy
which is a time-specific indicator of the level of disembodied tech-
nology, and eit is a disturbance term2. The parameters ai are the elas-
ticities of output with respect to the inputs.
Firm output is represented by gross production or value added. In the
latter case, materials (mi,t) do not enter the production function. Both
depreciation costs and electricity consumption can serve as a mea-
sure for physical capital.
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1 According to Mairesse and Sassenou (1991), this holds for studies on R&D effects. The stud-
ies by Lynch and Black (1995) and Boon and van der Eijken (1997) suggest that this also
holds for studies on training effects.
2 As usual, small letters represent the natural logs of variables.
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What should a knowledge production function look like? No previ-
ous attempts to model such a relation are known, so the current
attempt is of an exploratory nature. To simplify the analysis, the
process of knowledge creation will remain a black box. The input of
this process (firm-provided training1) is directly related to the output
(explicit firm knowledge).
It is assumed that training activities result in an increase of the
knowledge stock. The annual increase of the knowledge stock result-
ing from firm-provided training is defined as knowledge investment.
The impact of training activities on the knowledge investment
depends on several size-class related variables that are hypothesised
to influence the knowledge elasticity of firm training (see section
5.3). In general terms, this relation between the knowledge invest-
ment K and the amount of firm training days TD can be formulated
as:
(2).
The training days are the only production factor. The impact of extra
training on the knowledge investment is determined by the parame-
ters b and g. As long as b is a constant, g represents the knowledge
elasticity of training. In chapter 3 some variables were discussed that
are expected to influence this elasticity. A direct way to investigate
these expectations is to model the knowledge elasticity of training g
as a function of the influencing variables, and hold b constant2:
(3),
where
EX = proportion of training days held externally
WT = proportion of training days held during working time
TS = training support3
TD/L2 = training days as fraction of the total working days.
Equation (3) shows the relation between training days and knowl-
edge investment. What remains to be modelled is the relation
between the knowledge investment K and the stock of human capi-
tal H. A very simple way of doing so is to assume that
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1 Firm-provided training is measured by the total amount of formal training hours attended by
the employees of a firm, which are wholly or partially financed by that firm. Both training
hours during work time and outside working hours are included.
2 An alternative to this specification would be to assume that the influencing factors influ-
ence b instead of g (which then no longer equals the knowledge elasticity).
3 For notational convenience, no distinction is made between the options identified in section
5.
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for both years, 1990 and 1993.
Perpetual inventory method
In equation (4), the knowledge investment is used as an indicator for
the knowledge stock. This is somewhat troublesome, since the
knowledge stock is clearly a stock variable, while knowledge invest-
ment represents a flow: each year there is a loss of knowledge due
to depreciation, while knowledge investment can add extra knowl-
edge to the stock.
The perpetual inventory method or PIM (section 4.3) can in princi-
ple be used to explicitly model the transition from flow to stock. The
relation between knowledge investment and knowledge stock is rep-
resented as:
(5),
with d the annual depreciation rate of knowledge.
This relation can be used to construct a time series of knowledge
stock Hi,t based on the investment Ki,t, for every firm i and year t for
which data are available1. This approach is especially useful if data
for several years are available.
Using this method for this study is very complicated. This is due to
fact that the knowledge investment K is itself a function of several
variables. Substituting equations (3) and (5) in the production func-
tion (1) results in a production function that is highly non-linear in
the parameters to be estimated (especially the parameters b2-b5). In
order to avoid the computational complications that are associated
with estimating non-linear functions, this method has not been
applied.
Boon and Van der Eijken (1997) used the PIM approach to account
for the impact of training expenditure on production. Use of the PIM
approach was possible because the elasticity of training expenditure
was held constant. Their analyses suggest that using the ‘indicator
approach’ (4) yields results comparable to the PIM approach.
6.3 The production function
The knowledge investment function is modelled as (3). In the indi-
cator approach (4), this equation is used as an indicator for the
35
The production function
1 See van Leeuwen and Nieuwenhuijsen (1998) for a detailed discussion of this subject.
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tion (1) results in the following equation:
(6),
with small letters denoting the log of variables. In this specification,
the output elasticity of the knowledge stock (a5) is not identified. As
a consequence, it is not possible to test for constant returns to scale
with respect to the firm production function.
6.4 Estimation techniques
The production function (6) can be estimated using ordinary least
squares, under the assumption that the disturbance term eit has
mean zero and a constant variance. However, it is likely that the dis-
turbance term eit comprises heterogeneity across firms, in their tech-
nologies, type of output and use of implicit knowledge. This will
introduce a firm-specific effect ti
1. In symbols:
(7),
where  uit denotes the remainder disturbance. If the firm-specific
effects are correlated with the explanatory variables, then the OLS
estimates of the coefficients are biased. This bias can be avoided by
allowing for ti in the estimation period. To this end, fixed-effects and
random-effects panel estimators are used. In the fixed-effects specifi-
cation the firm-specific effects are assumed to be fixed parameters
which have to be estimated, while in the random-effects specification
the firm-specific effects are assumed to be random variables. Both
estimators will be used. The specific (dis)advantages of these meth-
ods are discussed in the next chapter, together with the results.
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1 The firm-specific effect can also include differences in the amount of on-the-job training.
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No decision has yet been made on how to measure two variables
them: capital can be measured either by electricity consumption or
by depreciation costs, for training support a choice must be made
between seven alternative specifications. In addition two different
estimation techniques are considered, both based on the panel struc-
ture of the data. Before analysing the estimation results, a choice of
the final model specification must be made.
The first section of this chapter discusses the criteria used to decide
on the final model specification. The estimation results for this spec-
ification will be the subject of the second section.
7.1 The final model specification
Three criteria have been determined to decide on the specification of
training support, the specification of capital and the preferred esti-
mation method. The last two criteria are evaluated simultaneously.
Training support
In section 4.3 seven options concerning the modelling of training
support TS were discussed. We have selected the option that gave the
best empirical results, measured as the t-ratio of the training support
variable and the R2 of the estimated production function1. The best
results are obtained if training support is represented by TS/L1, the
average support per employee2. For notational convenience, we shall
use the label TS to refer to training support per employee in the
remainder of this chapter.
Capital measure and estimation method
When estimating the production function, choices must be made
between measuring capital by depreciation costs or by electricity
consumption, and between using a fixed-effects or a random-effects
estimator. These two choices are related: different definitions of cap-
ital lead to different choices regarding the preferred estimation
method.
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1 All seven options were applied to four different model specifications, using both definitions
of capital and both estimation techniques. For all these specifications, the fourth option
yielded the best results. This option resulted in significant parameter estimates for all model
specifications.
2 A priori we expected to find decreasing returns on training support, implying better results
for the options where the log of training support was used. This expectation was however not
confirmed.
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following criteria applied:
• The criterion for the estimation method is based on theoretical
considerations. According to Hsiao (1986), a random-effects esti-
mator should be preferred if one wishes to obtain unconditional
results, whereas the fixed-effects estimator gives conditional
results (conditional for the firms in the sample). The objective of
this study is to obtain unconditional results, making a random-
effects estimator the preferred one. A random estimator is not
always unbiased, however1. Hausman’s test can be used to test
the hypothesis whether or not a random-effects estimator is unbi-
ased.
• The criterion for the capital definition is a very pragmatic one: we
require the estimated output elasticity to be significant.
These two criteria were investigated simultaneously, by estimating
the production function (6) both with depreciation (c1) and electric-
ity usage (c2) as measurements of capital. These equations were esti-
mated both with random effects and fixed effects, and Hausman’s
test has been applied. The main results of this exercise are present-
ed in table 5. The only combination that meets both criteria is (c2,
RE): using electricity as a measure for capital, and estimating the
equation with a random-effects estimator.
Table 5 Estimating gross production, using fixed effects and random
effects (N= 344)
cap. coefficient  cap. coefficient 
capital measure FE-estimator* RE-estimator* Hausman’s test statistic**
c1 (depr.) 0.0077 (0.64) 0.040 (4.77) CHISQ(8)= 20.57 (0.009)
c2 (electr.) 0.047 (2.07) 0.021 (2.64) CHISQ(8)= 7.56 (0.48)
* t-statistic between brackets.
** p-value between brackets.
7.2 Estimation results
Given the final model specifications, the production function (6) has
been estimated, explaining both gross production and value added.
The results are reported in tables 6 and 7. The tables show results for
both the fixed-effects and the random-effects estimator: even though
the random-effects estimator is the preferred one (according to
Hausman’s test), both estimators provide unbiased estimates.
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1 If the individual effects are correlated with regressors, the random-effects estimator yields
biased results, whereas the results of the fixed-effects estimator are still unbiased.
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In section 3.3 the possibility of decreasing returns on firm training
was discussed: does the knowledge elasticity of a training diminish
if more training courses have already been taken? From the discus-
sion it was not clear whether one should expect decreasing returns.
To investigate this empirically, the knowledge elasticity of training
was modelled as a function of the training days per employee. Our
results suggest that no scale effect is present (see tables 6 and 7).
Table 6 Estimation results explaining log (gross production)
fixed effects* random effects*
materials 0.76 (24.56) 0.78 (61.83)
capital** 0.047 (2.07) 0.021 (2.64)
labour 0.20 (5.39) 0.21 (12.64)
training days -0.0047 -0.0047 0.0031 (0.36)
external training 0.00 (0.17) 0.00 (0.34)
working time training -0.00 (-0.21) -0.00 (-0.03)
support per employee 0.23 (1.87) 0.22 (2.00)
training days per employee 0.013 (0.21) 0.013 (0.23)
time dummy -0.016 (-1.95) -0.015 (-1.88)
N 344 344
adjusted R2 0.9969 0.9935
* t-statistics between brackets.
** Capital measured by electricity consumption; parameters for three sector dum-
mies not reported.
No training-design effect
Neither the proportion of training days held externally nor the pro-
portion of training days held during working time seem to be rele-
vant for the production function, according to the results in tables 6
and 7.
Table 7 Estimation results explaining log (value added)
fixed effects* random effects*
capital** 0.23 (2.70) 0.11 (4.30)
labour 0.79 (6.05) 0.86 (16.29)
training days 0.0085 (0.21) 0.050 (1.54)
external training 0.00 (0.31) 0.00 (0.60)
working time training 0.0012 (0.95) 0.00 (0.89)
support per employee 0.69 (1.44) 0.98 (2.31)
training days per employee 0.04 (0.15) -0.05 (-0.23)
time dummy -0.08 (-2.39) -0.07 (-2.19)
N 344 344
adjusted R2 0.9501 0.897
* t-statistics between brackets.
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ed to firm size
Our estimation results indicate that both gross production and value
added are significantly influenced by the amount of firm-provided
training. Moreover, the impact of firm-provided training depends on
the training support per employee. This will now be elaborated.
Both fixed-effects and random-effects estimations find positive val-
ues for the parameter for the support per employee, a5b4. Using ran-
dom effects shows somewhat lower standard errors, resulting in sig-
nificance levels of less than 5%. The results of the fixed-effect esti-
mator are not significant at this level; but since the random-effects
estimators are considered to be superior, we conclude that training
support per employee has a significant effect on gross production
and value added.
It is important to note that the insignificance of the estimated para-
meter for training days, a5b1, does not mean that training days are
not relevant. Because a5b4 significantly differs from zero while a5b1
does not, the conclusion must be that b1 equals 0, and both a5 and
b4 are significantly different from zero.
Of all the parameters of the knowledge production function (3), only
b4 (and b0) are found significant. This means the knowledge pro-
duction function can be written as:
K=b0.TDg , with g=b4.TS (8).
An increase in the number of training days results in an increase of
the knowledge investment, leading to a rise of gross production and
value added. This increase depends on the training support TS: the
more support employees receive, the more effective a training is. This
is the HRM effect (section 3.3). Because smaller firms provide on
average less training support per employee than larger firms (table
8), smaller firms benefit less from their training investments1.
Interpreting the numbers
The knowledge elasticity of training equals b4.TS, so a 1% increase
in training days results in an increase of the knowledge stock of 
b4.TS %. Since b4 is not identified, this elasticity cannot be calculat-
ed. However, it is possible to calculate the production elasticity of
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1 To further investigate firm-size effects, we have also estimated the production functions with
several size-class dummies. Including the dummies led to no considerable changes in the
results.
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duction (gross production or value added) of a5b4.TS%. Using aver-
age numbers for TS for different size classes, the estimated impact of
a 10% increase in training days is presented in table 8.
Table 8 Estimated impact of training for different size classes
growth gross production growth value added
size class TS ‘93 TD ‘93 TS + 10% TD +10% TS + 10% TD + 10%
<150 0.16 269 +2% +0.36% +8.9% +1.6%
150-500 0.34 823 +5.1% +0.75% +22.1% +3.3%
>500 0.72 11,730 +15.1% +1.6% +66% +7%
These calculations clearly illustrate the firm-size effect. For example,
the ‘average’ small firm in our sample can expect an increase in gross
production of 0.36% if it raises the amount of training days with
10%. Under the same circumstances, the ‘average’ large firm would
see its gross output grow with 1.6%.
A problem arises if the knowledge elasticity of training support (per
employee) is examined. By definition, this elasticity is equal to
b4.TS.td1, and therefore strongly correlated with firm size2. This cor-
relation manifests itself in the calculations presented in table 8.
According to these calculations, the ‘average’ large firm would be
faced with an increase of its value added of no less than 66%, if it
were to raise its training support per employee by 10%. For the ’aver-
age’ small firm the corresponding increase of value added would be
less than 9%. It is doubtful whether such large differences really exist
between small and large firms.
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1 The knowledge elasticity of training support is defined as (dH/dTS) x (TS/H). Because of the
indicator approach, this is equal to (dK/dTS) x (TS/K), with K defined by equation (8). Since
dK/dTS = K.ln(TD).b4 = b4
.td.K, the knowledge elasticity is equal to b4
.TS.td.
2 Because the (logarithm of the) amount of training days, td, is strongly correlated with firm
size.
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This study started with a short review of literature on firm-provided
training, productivity effects of training and firm size. We have
argued that it is likely that:
1. firm-provided training influences both individual and firm pro-
ductivity.
2. this influence depends on various elements, as illustrated in the
conceptual evaluation diagram (section 2.2).
3. these elements are related to firm size, so as a consequence the
knowledge elasticity of firm-provided training also varies with
firm size.
In the third chapter, five different firm-size effects have been dis-
cussed: the tacit-knowledge effect, the specialisation effect, the HRM
effect, the training-design effect and the training-intensity effect.
The empirical part of this study concentrated not on the role of
knowledge within the firm production function, but on the ‘produc-
tion’ of knowledge itself. More specifically, we have assumed that the
stock of available knowledge increases if a training course is taken,
and want to test for the existence of three effects: the HRM effect (the
effectiveness of the training policy is determined by the available
knowledge on HRM), the training-design effect (large firms have
more opportunities to adjust training programs to their specific
needs) and the training-intensity effect (decreasing returns with
respect to the number of training days per employee).
No training-intensity effect, no training-design effect
First of all, no training-intensity effect has been found. Secondly, con-
trary to Lynch and Black (1995) no support has been found for the
existence of a training-design effect. Neither the location of the train-
ing (internal or external) nor the time (during working hours or not)
seems to matter much. It should however be taken into account that
we were unable to control for the effect of the nature of the training:
in section 4.4 various studies are mentioned in which different effects
are found for different types of training. Unfortunately, no data on
this subject were available.
Firm-size effect exists, but difficult to interpret
We find that training has a positive impact on both gross output and
value added. Moreover, we conclude that an HRM effect is present:
if firms increase their training support per employee, they are likely
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out changing the amount of training days).
In table 8 some estimates are given on the production elasticity of
training days for firms from different size classes. The reported
effects of a 10% increase of training days on gross production range
from an increase of 0.36% for small firms to 1.6% for large firms.
These numbers are considerably lower than those mentioned by
Lynch (1997) and Groot (1994), who report productivity increases
ranging from 16 to 20%. However, a direct comparison between
these percentages is not possible without more information on how
these reported percentages have been calculated (do they refer to
individual or firm productivity? How is productivity measured?, etc.).
The estimated effects of an increase of training support are on the
other hand much higher. But because of the way in which the knowl-
edge production function is modelled, this elasticity is inherently
related to the firm size. The estimates in table 8 probably exaggerate
the HRM effect for large firms.
A nested equation
One could argue that instead of estimating a nested production func-
tion, a simple Cobb-Douglas production function with all the relevant
variables would have been sufficient. Our main objection to this
approach is that the interpretation of the parameters becomes prob-
lematic. This has been illustrated in the previous chapter: we have
shown that despite the fact that the parameter for training days
proved to be insignificant, the amount of training days still has a sig-
nificant impact on production. This is due to the nested character of
the production function. Without this insight, one would be tempted
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